INTRODUCTION {#sec1-1}
============

*Protium heptaphyllum* (Aubl.) March, *Burseraceae*, known as almécega, breu, and almíscar, originated in South America.\[[@ref1]\] This species, as well as other members of the family *Burseraceae*, exudes an oily resin, called breu-branco, which is obtained from the trunk. The resin is chemically composed of a mixture of triterpenes from the α-amyrin (ursane) and β-amyrin (oleane) series and an essential oil rich in mono- and sesquiterpenes.\[[@ref2][@ref3][@ref4][@ref5]\]

The essential oil from the *P. heptaphyllum* resin has received special attention because of its chemical composition and possible pharmacological activities.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] The anti-inflammatory effect of the mixture of α- and β-amyrin and the essential oil was described in several studies.\[[@ref6][@ref13][@ref15]\]

Considering the anti-inflammatory activity of *P. heptaphyllum* essential oil and resin, the present study aimed to evaluate the chemical composition, cytotoxicity, and pro-apoptotic capability of the essential oil, on a mammary adenocarcinoma cell line (MCF-7), and its *in vivo* antimutagenic activity.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

The resin of the stem of the species of *P. heptaphyllum* (Aubl.) March was collected in March 2009, May 2011, and August 2013 on Ilha de Guriri, Espírito Santo. A stem was deposited in the herbarium of the University of Vila Velha (UVV/ES 1802) and identified by botanist Solange Zanotti Schneider. In this study, we used the sample collected in 2011 for the biological assays.

Essential oil extraction {#sec2-2}
------------------------

The essential oil extraction was performed as described previously\[[@ref19][@ref20]\] with modifications. Deionized water (1.5 L) was added to 250 g of the resin, and the extraction was performed over 2 h. The hydrolate obtained was allowed to stand in the dark at 4°C, and the oil was separated by cryogenic separation. The oily fraction was filtered over anhydrous magnesium sulfate and then stored in an amber vial at 4°C. The yield of the extraction was determined by the proportional relationship between the weight of the resin and the weight of the oil that was obtained.

Gas chromatography coupled to mass spectrometry {#sec2-3}
-----------------------------------------------

The analysis of the chemical constituents of the essential oil of the resin of *P. heptaphyllum* was performed using a gas chromatograph (Trace Ultra, Thermo Scientific®) coupled to a mass spectrometer (DSQII, Thermo Scientific®) as previously described.\[[@ref21]\]

The identification of the substances contained in the oil and resin was performed by comparing the similarity of the obtained mass spectra obtained with those in the literature.\[[@ref22][@ref23]\] The relative percentages of these compounds were calculated from the mean areas of the chromatograms.

Cell line {#sec2-4}
---------

A mammary adenocarcinoma (MCF-7, ATCC-HTB22™) cell line was used and maintained in Dulbecco\'s modified Eagle\'s medium (DMEM) culture medium (Sigma-Aldrich, St. Louis, MO) supplemented with a 10 mL solution of penicillin G, streptomycin, and l-glutamine (Sigma-Aldrich, St. Louis, MO) and 20% fetal bovine serum (Gibco, Invitrogen Corporation, Grand Island, NY).

Preparation of samples for assays {#sec2-5}
---------------------------------

The test sample used in the biological assays was the essential oil of the resin (O) dissolved in phosphate-buffered saline (PBS), dimethyl sulfoxide (DMSO) (0.09%), and propylene glycol (1%). The final concentration of dichloromethane in the assay was \<0.003%.

Cellular cytotoxicity assay with colorimetric method of 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide {#sec2-6}
---------------------------------------------------------------------------------------------------------------------

Cytotoxicity was determined using the colorimetric 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method (Sigma-Aldrich, St. Louis, MO), in which the tetrazolium salt is converted into the formazan salt by living cells, forming a blue color.\[[@ref24]\]

MCF-7 tumor cells were plated in sterile 96-well plates at a concentration of 5 × 10^4^ cells/mL. Then, 10 µL of essential oil, final concentration of 1.71--40.0 µg/mL, were added. The microplate was incubated at 37°C in 5% CO~2~ for 72 h. Doxorubicin (DOX) (Sigma-Aldrich, St. Louis, MO) was used as a positive control at a final concentration of 0.9 μM.\[[@ref25]\] Then, 10 µL of MTT solution (5 mg/mL) diluted in DMEM was added, and the plate was incubated for 4 h. Finally, we added 150 µL of isopropanol acidified with 0.04 M HCl and evaluated the samples with an ELISA reader (Thermoplate TP-Reader at 570 nm). The analyses were performed in triplicate, and the percentage of inhibition was calculated using the formula below:

\% inhibition = (absorbance of negative-control well) × 100 negative control.

Determination of apoptosis by flow cytometry analysis {#sec2-7}
-----------------------------------------------------

Apoptosis was carried out using an annexin V-FITC Kit (Sigma Aldrich, St. Louis, MO).\[[@ref21]\] Briefly, MCF-7 cells were plated in a sterile 24-well plate at a concentration of 5 × 10^6^ cells/mL. Then, 10 µL of the oil essential sample (final concentration of 40 µg/mL) was added. A solution of hydrogen peroxide (Sigma-Aldrich, St. Louis, MO) (final concentration of 10 µM) was used as the positive control. The plate was incubated at 37°C in 5% CO~2~ for 72 h. After this period, the cells were colored with fluorescein isothiocyanate-conjugated annexin V and propidium iodide for 15 min at room temperature, protected from light, and then analyzed by flow cytometry. The percentage of positive cells determined over 10,000 acquired events was analyzed by a FACSCalibur system equipped with a 488 nm argon laser and FCS Express 4 Flow Cytometry software (*De Novo* Software, Los Angeles, CA).\[[@ref21]\]

Determination of caspase-3 for colorimetric assay {#sec2-8}
-------------------------------------------------

The caspase-3 activity was determined using a colorimetric method in which the presence of caspase-3 lysate produces p-nitroaniline, which generates a yellow color.\[[@ref26]\] MCF-7 cells were plated in a sterile 24-well plate at a concentration of 1 × 10^5^ cells/mL. Then, 10 µL of essential oil (final concentration of 40 µg/mL) was added. As a positive control, we used DOX (final concentration of 0.9 µM). The plate was incubated at 37°C in 5% CO~2~ for 72 h. After this period, the determination of caspase-3 was performed according to the manufacturer\'s specification (Sigma-Aldrich, St. Louis, MO) using an ELISA reader (TP-Thermoplate Reader at 405 nm). The analyses were the average of 8 replicates, and the results were expressed in ΔmOD~405~ nm/min.\[[@ref26]\]

Determination of tumor necrosis factor-alpha {#sec2-9}
--------------------------------------------

To quantify the levels of tumor necrosis factor-alpha (TNF-α), MCF-7 tumor cells were plated in a sterile 24-well plate at a concentration of 1 × 10^6^ cells/mL.\[[@ref21]\] Then, 10 µL of sample of essential oil (final concentration 40 µg/mL) was added, and the plate was incubated at 37°C in 5% CO~2~ for 72 h. As a positive control, we used DOX (final concentration of 0.9 µM). After this period, we proceeded to read the plate in an ELISA reader (TP-Thermoplate Reader at 450 nm) using a commercial kit (Invitrogen, San Jose, USA) according to the manufacturer\'s instructions. Analyses were performed in replicates of eight.\[[@ref21]\]

Determination of minimum inhibitory concentration assay {#sec2-10}
-------------------------------------------------------

The determination of minimum inhibitory concentration (MIC) was carried out in 96-well culture plates, according to the rules of CLSI.\[[@ref27]\] The microorganisms used were *Candida albicans* (ATCC 10231^™^), *Staphylococcus aureus* (ATCC^™^ 25923), *Enterococcus faecalis* (ATCC 29212^™^), *Escherichia coli* (ATCC 25922^™^), and *Streptococcus mutans* (ATCC 25175^™^). The final concentration of the cells was adjusted in the range of 10^4^ CFU/mL by the McFarland scale. To each well of the plate, except for the blank used, Hilton Muller culture medium was added, before adding the samples or positive or negative controls. The intermediate concentrations were prepared by diluting a stock solution of 10 mg/mL in DMSO and further diluted in PBS solution, resulting in final concentrations from 0.5 to 0.03125 mg/mL. In all plates, positive controls and negative controls were included, with hydrogen peroxide and hypochlorite as negative controls. At the end of the preparation, the plates were incubated at 36°C for 24 h and subsequently added to the indicator 50 µL of triphenyltetrazolium chloride (TTC) (0.5% aqueous solution) chloride. After 4 h of incubation, the MIC was determined as the lowest concentration capable of inhibiting visible growth of cells conferred by TTC (nonstained cells are dead). All tests were performed in triplicate.

Antimutagenic assay {#sec2-11}
-------------------

The micronucleus assay was conducted in male and female Swiss mice 3 months of age weighing between 20 and 40 g. The animals were conditioned in cages with controlled temperature and humidity, a 12 h light--dark cycle, and *ad libitum* access to water and food. The mice were provided by the Vivarium of Complexo Biopráticas of University Vila Velha. The animals were divided into five groups, with equal numbers of males and females in each group. The negative control group (CN, *n* = 6) received the vehicle (peanut oil) orally and the positive control group (CP, *n* = 6) received cyclophosphamide (45 mg/kg) intraperitoneally 24 h before euthanasia. The groups treated with the *P. heptaphyllum* essential oil were Protium 25 (PROT25, *n* = 6), Protium 50 (PROT50, *n* = 6), and Protium 100 (PROT100, *n* = 6). These groups orally received the *P. heptaphyllum* essential oil diluted in a vehicle at doses of 25, 50, and 100 mg/kg, respectively, twice daily for 3 days. The penultimate dose was applied simultaneously with cyclophosphamide 24 h before euthanasia. The micronucleus test developed initially by Schmid,\[[@ref28]\] and all assays, including collection of the bone marrow specimens to preparing the slides, were run as described by Ribeiro *et al*.,\[[@ref29]\] following the guidelines recommended by the Guideline for the Testing of Chemicals (OECD).\[[@ref30]\] Also, this evaluation was performed by a biologist blind to the experimental groups. The results were presented as the frequency of polychromatic erythrocytes-micro nucleated (PCE-MN) and cytotoxicity index PCE/normochromatic erythrocytes (NCE) ratio. The protocol was approved by the Ethics Committee and Bioethics and Animal Welfare UVV (Protocol No. 116/2010).

Statistical analysis {#sec2-12}
--------------------

The results were expressed as the mean plus or minus the standard error of the mean and antimutagenic for the test, ±the standard deviation. They were analyzed by one-way ANOVA. The significance of the difference between the means was determined using the *post-hoc* Tukey method, adjusted for multiple comparisons with significance above 5% (*P* \< 0.05).

RESULTS {#sec1-3}
=======

The essential oil obtained from the resin of *P. heptaphyllum* showed a yellowish color and a refreshing woody odor. The yield (g/g) of the extraction process of essential oils was 14.4%, 10.2%, and 10.7% for the years 2009, 2011, and 2013, respectively, being higher than the 10.0% (w/w) reported.\[[@ref6]\]

The chemical constitution of the oil of *P. heptaphyllum* collected within 3 years was characterized by a large number of monoterpenes \[[Table 1](#T1){ref-type="table"}\]. For essential oil extracted in 2009, the major constituents were 3-carene, limonene, and terpinolene. In 2011, the main constituents identified were *p*-cymene-8-ol, the α-tujeno, *p*-cymene, and terpinolene \[[Table 1](#T1){ref-type="table"}\]. To the oil extracted in 2013, the main constituents were *p*-cymene-8-ol, terpinolene, and *p*-cymene, the ratio of 1:6:6.

###### 

Chemical composition of the oil of *Protium heptaphyllum* obtained in the years 2009, 2011, and 2013 analyzed by GC--MS

![](PM-12-42-g002)

The essential oil of *P. heptaphyllum* did not show antimicrobial activity (MIC \> 0.5 mg/mL) against *E. coli*, *S. aureus*, *E. faecalis*, and *C. albicans*, but showed a weak activity against S. mutans (MIC = 0.5 mg/mL).

In the assay for cell viability using MTT, the *P. heptaphyllum* essential oil did not exhibit significant cytotoxicity against MCF-7 cancer cells at a concentration of 40.0 µg/mL.

The antimutagenic activity of the essential oil of the *P. heptaphyllum* resin was evaluated using a micronucleus test. The micronucleus test revealed a reduction in MN-PCE and the normal cytotoxicity index PCE/NCE ratio in animals treated with oil at all doses \[[Table 2](#T2){ref-type="table"}\]. The essential oil of the *P. heptaphyllum* resin did not induce cytotoxicity or caspase-3 activity or TNF-α and it did not induce apoptosis in MCF-7 cells. However, it showed antimutagenic activity \[[Table 2](#T2){ref-type="table"}\]. These data suggest that this essential oil could be used as a chemo-preventive agent for cancer.\[[@ref31]\]

###### 

Numbers of PCE and NCE in 200 cells and MN-PCE in 2000 PCEs and the cytotoxicity index (PCE/NCE) ratio from the bone marrow of mice

![](PM-12-42-g003)

DISCUSSION {#sec1-4}
==========

The phytochemical analysis results agree with other studies that have evaluated the chemical composition of the essential oil from the resin of *P. heptaphyllum* in different localities, such as Manaus, Maranhão, and Acre; the prevalence of monoterpenes was also observed in these studies.\[[@ref6][@ref7][@ref32]\]

In this study, the essential oil of *P. heptaphyllum* did not show a pronounced antimicrobial activity against the microorganisms selected for this study. In another study, the essential oil of *P. heptaphyllum* showed moderate antimicrobial activity against several microbial strains.\[[@ref9]\] However, the use of resin extract produced by different solvents showed activity against *C. albicans* (MIC values: 1000 μg/ml), *E. coli* (MIC values: 1000 μg/ml), and *S. aureus* 125 (MIC values: µg/mL for *E. coli*).\[[@ref33]\] The results obtained in the cellular cytotoxicity assay with colorimetric method of the MTT showed that the essential oil was not effective against the cancer cells at a concentration of 40.0 µg/mL, in agreement with the results of a study carried out with the crude resin of *P. heptaphyllum*\[[@ref21]\] with the same concentration against MCF-7 tumor cells.

About the antimutagenic activity of the essential oil of the *P. heptaphyllum* resin, other studies have also used the micronucleus test to confirm the potential antimutagenic effect of natural products,\[[@ref34][@ref35][@ref36]\] because this assay can detect damage to chromosomes and the mitotic machinery.\[[@ref33]\] The results obtained in this assay indicate that the oil induced protection against cyclophosphamide-induced genotoxicity, suggesting that *P. heptaphyllum* has some potential antimutagenic activity.

The anti-oxidant activity of the *P. heptaphyllum* essential oil using a 2,2-diphenyl-1-picrylhydrazyl *in vitro* assay was previously verified.\[[@ref9]\] It was also observed a prominent antioxidant activity using an *in vivo* enzymatic activity assay in mice with ethanol-induced gastric ulcers treated with the oil at doses of 12.5--100.0 mg/kg.\[[@ref8]\] This result was verified by the increase in the activity of antioxidant enzymes, such as glutathione, glutathione reductase, glutathione peroxidase, and superoxide dismutase and a decrease in lipid peroxidation after exposure,\[[@ref6]\] both of which reduced oxidative stress. The antioxidant activity could potentially explain the antimutagenic activity of the essential oil in the present study because the generation of reactive oxygen species and oxidative stress plays a critical role in DNA and chromosome damage.\[[@ref37][@ref38][@ref39]\]

The antimutagenic activity observed in this study is possibly a result of the presence of monoterpenes contained in the oil which were observed in the chemical analysis.

CONCLUSION {#sec1-5}
==========

The possible chemopreventive activity of the essential oil of the *P. heptaphyllum* resin, most likely through the action of monoterpenes, was indicated by the antimutagenic effect and the absence of cytotoxic and pro-apoptotic effects. Further studies, however, are required for a detailed evaluation of the mechanism.
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